Glial changes in the phrenic nucleus following superimposed cervical spinal cord hemisection and peripheral chronic phrenicotomy injuries in adult rats.
The objective of the present study was to characterize the microglial and astroglial reaction in the phrenic nucleus following either an ipsilateral C2 spinal cord hemisection, a peripheral phrenicotomy, or a combination of the two injuries in the same adult rat. The present study used three different fluorescent markers and a confocal laser image analysis system to study glial cells and phrenic motoneurons at the light microscopic level. Young adult female rats were divided into one combined injury group (left phrenicotomy and left C2 spinal hemisection with periods of 1 to 4 weeks between injuries, N = 12) and three other groups consisting of noninjured animals (N = 3), animals that received C2 hemisection only (N = 3), and animals with phrenicotomy only (survival periods of 2 (N = 3) and 4 (N = 3) weeks after phrenicotomy). Fluorogold was injected into the diaphragm to label phrenic motoneurons in all animals. Microglia and astrocytes were labeled with Texas red and fluorescein, respectively, and were visualized simultaneously along with phrenic motoneurons. The results suggest that the microglial and astrocytic response in the superimposed injury model are similar to the glial reactions characteristically seen in a peripheral axotomy alone model. These reactions include proliferation and migration of microglial cells along the perineuronal surface (peaking at 2 weeks) and the hypertrophy of astrocytes (peaking at 4 weeks). In addition, the increase in astrocytic tissue, which is characteristically seen in response to axotomy alone, is significantly enhanced in the superimposed injury model. Also, there is a large and rapid increase in GFAP-positive astrocytes within 24 hours after hemisection alone. The information gained from the present study will aid in determining, predicting, and eventually manipulating central nervous system responses to multiple injuries with the objective of reestablishing function in the damaged CNS.